2191803 “1- SLIP GRIPPING MECHANt SM Thi's invention relates to inprovenents *
in well tools of the type having .slip assenblies for grippingly engagin

surroundi ng cylindrical conduits. 5 Slip assenblies for9 9I1 @a&ﬁer?
and |iner hangers are actuated in order to support a conduit. Wt :
cased bore of a well. Prior art slip gripping nechanisns have gederally

I ncl uded a plurality of wedge-shaped slip elenents carried in
circunferentially spaced-apart relation=1d &bout a generally conically

shaped expander surface on the k99 bedppIMy eipmaiNTaM arly, the | ower
surface portions of .the sli ' [ TTE]

> S, ]35 : . 1T Y. surf ces. on
the expander so as t&RE§udBVEBELR oK T aces ore tHk Véﬁlr%s % De
moved bet ween egfpahdedypedhadihgactide HsseohltiiesnSam grigmiterl t cengdging e
axi al novenent of the.slip el . n r. This relative novenent
can be i nducedsﬁﬁ?gﬁfill@gl F?lggla%;%ﬁgc%é)%g{%gct uation of tele- scopingly
arranged, afially reSilppoessembitiess foir medlt mackersyand tinex|hangers

expanders are coangekedeedOin orderOtd UM AGLING NI Gid
gri ppi ng mechani sm T

les 1n the tact that the |oading i) osedd@/ t he,
cylindri- cal €8f8di bore Pfadsmelted FA@TaARF 1§ t?félr%% DI Ine
slips and rﬁdi Rhi¥ b@h@r‘gh&ysw’x{zdg.lﬂaﬂdq& \Qﬂldraﬂaiai'y]g:fl Atedgereshapéd $Dbapli ng
can cause .the casing,to burst. . riQr b
have general | yeiemfﬁ?:(?r FRETA St &lré:uslt‘r)é:@céleg}t%fnlgiré‘g%%d o&%%?%ﬂim
i ncl u- ded1an abbetnal gemesadlyt leonicaily ehapgdiekpanden swrERce t@R ke ng
t he maxi num su t : A WeTe] angGes RAer Vasr Bsee | borti
manuf act ured fgg%ﬁ'sgégggl 91rf?irtgeﬂ(ibst r_er?qt%ﬂ?dhnat erial, V\:;I:’]i ch di ffeﬂgsrf%%rrx'nst he .
material of thefr&hei fddPsoRtensIdAamis iUaT CARRHMERT ALY sTPPERERY PR thel
wel | bore. Thetpeesgpandereld At RS cifudd tedilecdn titee pippér supfacésa '

SILP gripping FRehant STiee £ MROHdvith btwadly SpMladndih  cdht Phoel®

15 positions in response to relative axial movement of the
slip elements and expander. This :elative movement can be
induced hydraulically or by mechanical actuation of tele-
scopingly arranged, axially reciprocal members of the tool
to which the slips and expanders are connected.

20 : One disadvantage in the prior art gripping mechanism
lies in the fact that the loading imposed by the cylindri-
cal conduit is transmitted radially from the expanders to
the slips and radially into the surrounding well casing.
At times, the loading can cause the casing to burst. '

25 Prior art slip gripping mechanisms have generally (
formed a part of a special hanger'body or sub which inclu-~
ded an internal mandrel that required consideration in de-
termining the maximum support load of the tool. The hanger
body was usually manufactured from special high strength

30 material which differs from the material of the remainder
of the cylindrical conduit being supported in the well
bore.

The present invention has as its object the provi-=
sion of a slip gripping mechanism for supporting a string

35 of conduit within the interior bore of a circumscribing



-2- conduit which di'stributes the |oad being supported in a circunferenti al
direction, rather than i nposi ng a radial |oad. Another object of the
invention is the provision of 5 a slip gripping mechani smwhich can be
recefl ved upon the exterior surface of a standard string of cylindrical con-
duit and whi-ch does not require the presence of a special sub or hanger
body within the string. Additional objects, features and advantages will be
10 apparent in the witten description which follows. The slip gripping
mechani sm of the invention is used for suppo@tlng a string of cylindrical

conduit within theonaﬁsistlon:.bl@remérﬁb@té@um@rl@amgae:n@mﬁppdrfmecgrirpm ng
nechanlsn1preferablé ingludeg.a te tubu%ﬁr Ch% 15 which has_a 1
tubul ar end at on& BREBATTGRTH? ‘Pﬁ? ‘h%'l1 bbF et he rbr’é“%%ﬁ’rfbgs?zxe%d:‘t%
slidingly recei velohd.exter- nal dianmeter of the cylindrical conduit,

whereby the tubu- |ar Rgééﬁhéfuﬁﬁféc\!x?g%g Eﬁ%tb( e 148 g%‘té{é‘zéafe end‘gr\?\/:]O%)L

the cylindrical conduit BRS8N 2
is provided wi fh a pllmpagriypomgcmeelumweremq:lal¢§mslpec:eeic¢w@¢mmma¢my

di sposed slots. AgRklribgl swfaéﬁ%fc "%E&Eg&f&" éyﬁa}geceo cyf{ﬁaffééy con-

shiftable slips are carried ngl tudinal l'y
di sposed slots. ESBAtsRPg HﬁécglﬁﬁeédQQE ﬁﬁqehrénﬁhaepﬁﬁseQ%? f gy pPeFiRts

fornmed in the Iongubudtnahhgegl5§§§edl§hgﬁsth§hgﬁgbygthe slots form
gui deways for the slips r.. shi u

S d_out war dl
relative to the body be@dgﬁééﬁnﬁ ﬂ%%?tﬁoskg?ﬁﬂgﬁﬁdaﬁ s%$ VaRERIFINY will be
engagi ng the sorrappdregtcéandthée. wSﬁtteﬂgdéDaﬁSpaienpwnﬂcﬂeﬂolbowﬁo

effecting relative m)tl b b d | he_s| |
dihsﬂsio%s are selected e gﬁﬁgmggggggagl %gg?gggﬁgge t%% +%§E%%gt§5 ngd
direction of t he 6brcsnppprbnng eoauuungaefthglsndplqueson@uiheWerin the
position. 1ntFE§B?rBQS¥ o@aﬁhc§tbgmgéélﬁgn Pﬂ&ﬁlkomfﬁesgfiﬁﬁﬁnglf

an |nag|nary center [ine is drawn | sect ower surfacé
| ongi t udi nal |y, tRechapépmspreieeabdyt dpcludes an elongate tubular body

15 which has a tubular end at one extent with an internal
- “bore, the 'boreé being .sized to slidingly receive the exter-
nal diameter of the cylindrical condﬁit, whereby the tubu-
lar body is received directly on the external diameter of
the cylindrical conduit. The tubular body also has an
| 20 opposite end which is provided with a plurality of circum-
ferentially spaced longitudinally disposed slots. A plu-
rality of circumferentially spaced, vertically shiftable
. slips are carried by the tubular body in the longitudinally
-/ disposed slots. Each slip has side edges which engage ma-
25 ting profiles formed in the longitudiﬁally disposed slots,
~ whereby the slbts form guidéways for”the-slip5'for shifting
the slips upwardly and outwardly relative to the body bet-
ween an, unset position and a set positioﬂ engaging the
surrounding conduit. Setting means are provided for
30 effectin§ re;ative'motioh between thé_tubular body
and the slips; The slip dimensions are selected to
allow controlled fiexing of the slip in the direction

. of the circumscribing conduit as the slip moves to the set
position.
35 Preferably, each slip has an arcuate lower surface.

If an imaginary center line is drawn which bisects the
lower surface longitudinally, the lower surface center



-3- line is-disposed of above- the cylindrical conduit exterior surface in-
both the set and unset positions. The arcuate | ower surface,jidogether with °
a mlled bi-pass area pro- vided in the exterior surface of 'the tubular
body together 5 define a fluid flow path between each slip | ower surface
and the cylindrical conduit and between the bi-pass area and the
surroundi ng conduit. Preferably, the slip upper surface is also arcuate
whereby a |ongitudinal center |ine which §i§ects the 10 upper surface
defines the first point of contact between the slip and surroundi ng

conduit. The slljnelihendispesed cofctbevedthe oylondroml otdrduit esxegr bor

the slip to fully-£Noade, tHSes UEOUGE Ngn & Onglli £ sé%géi,éﬁlé!iﬁhecgpeuééét

between the slip upper surface center |ine and the ~surroundi ng
condui t. The i nYR¥EY FRNF2¢e nobPIRt RS cYi B de i hksd opicRasH| T & t Bro-

refer en;:e. tot h@i@?& ?:F]E’Daﬂ)/é. r@éﬂéﬁ%f‘%urf@@é e(b_ﬂi tié gﬂﬁmntl?]'t Sb@dﬁrfkf)ééﬂyer
per spective_vie , e sli gri ppi ng. nechani sm of . i nvention in
t he unset'szit%%#&n?ﬁ@uftugdigl%Ws?ﬂgﬁv?%ﬁy%ﬁnt% chr$ anEOH%Eh%H¥ HTOf
Fig. 1 in the umsdttipescylimdricalireoddust aasd dee twesh Stive | bi-gasdiared?,

but showi ng the_gxi api %Q%E. Q. set position; 25 Figure 4
Is a cross-sect?%%é@&%ﬁgﬂfg t %ﬁ%ﬂ#ékéggthnchanisnrtaken along lines IV-1V
in Fig. 2; Figure 5 iBreferaklyscthe opbiprileRenfsuhiage i bdi aysoeahawaten

_taken al ong | i ngfeaify i & f%ﬁbi@@dfiﬂyréeﬁfbf§1§néiGﬁicﬁfﬂﬁ§é§€§t£9@a| Vi ew
of the 30 top portion of a.%rggglng necganlsn1of t he_i nvention assenbl ed
for actuatf®n WPREL FYEFACE i Cehtresi g T06Ft Reut OBECPREACH ARMEEEN

continuation ofthéesiboland Fagrotrdingdecdnduie. 6fhé sshipodmmansions -
continuation Ofaé@?séf@%téé tooélfgg'cgﬁkroiléd fiexing of the slip to v
fully engagé the surrouhdihg conduit_after initial con-
tact between the'slip upéer'surface cehtér line and the
15 surrounding,cpnduit; | |
The invehtion will now be described by'way of
example with reference to the aCéompanying drawings,
_whefein: | _
Figure 1 is a profile, perspective View,Of the slip
20 gripping meéhanism of the invention in the unset position;
Figuré 2 is a side view of'the_gripping mechanism
of Fig. 1 in the unset pdsition;
Figure 3 is a side view similar to Fig. 2, but
_ showing the gripping méchanism ih'the set position; ;\)
25 Figure 4 is a cross-sectional view of the gripping
mechanism tékgn aiong_liqes IV-IV in Fig. 2;
' 'Figure 5 is a cross¥sectional view of the gripping
mechanism taken along lines V-V in Fig. 3;
| Figure 6A is a side, cross-sectional view of the
30 top portion of a gripping mechanism of the invention
' assembled for actuation with a hydraulic actuating tool;
FigureIGB is a downward continuation of the tool
6f Fig. 6A; and
Figure 6C ié'a downward continuation of the tool
35 of Fig. 6B.

-



-4- Figure 'l shows-a slip gripping nechanismof the invention designated
general 'y as 11.- The slip gripping mechanism 11 is used for supporting a
string of cylin- drical conduit 13 within the interior bore (15 in Fig. 5
4)~gf a circunmscribing conduit 17. The cylindrical con- duit 13 can be, for
I nstance, .a string of pipe, casing, tubing, liner, or the like of the type
which is to be suspended within a cased well bore. The slip gripping
mechani sm preferably includes an 10 el ongat@ tubul ar body 19 which is

adapted to be supported_i,n the StE’li ng of ﬁr)érl i ndr.i cal condgi t.13. gh%
‘tubul ar body 19 has a t GHG%ER dnghoYSaf SdPeIrdRPIAT REE2RASEBsTFE end
23 provided w t h dnvemtdlont Ylesfighatedngeheraidllyablsy 19pathe kahgi gudppahby
di sposed slots 25, | he .enhodi.mgn h ' =i.q. .1 e.are three
SUch sl ot 5 25 spalSS AP dedPolsan, £k SLBRPEA o8l AL R ERLAr  y
of circunferenti adnicgacemdwisr fi3caithishtheadnsegliogsbere 445 ip gFig-

carried by the g ubyl yr RO rLniserliBg nhoBShEUdINalY THeSR9IedaFioh &bn-
Each 20 slip has side edges (33, 35 in FI%. 1) which engage ma- tlng.
profiles (37, 39 Wi ¢d3 FAr¥ Seredorn inFEaNGRyI BuSTELRTl Py BrEFesER>L 8y s
wher eby the sl ots HutyimgQuildeeay,s oirorhiehd iklei pE tthe iipkt whdchhassitiopbe
outwardly relative_ to t t uhul ar body 19 be a set position engaging
25 the circunscriﬁqife gbi % g? §%s§%dw Ewﬁﬁggf'posi- tion (Fig. 2). As
shown in Fig. 1, the natThey slipf igrdpp3ng 3ecbanisonprieferabdy Jdoclades an
whi ch present t NGl g ARl ey i | r efe VA

range from 30 1g1bo%p%r§l%%§e20%_fé’erﬁgﬁgégoa_t hgrg’gﬁ%& \%go%?ﬁlg%sao?%l %\%/grshe ggttléa
surface 41. Any upWatde &taigg ofr sydingricgd somguid WidehThe fabylar 25
resylts in outwar hogdital naever tiiilaef enlde 29l g WhRelextentaenddhasThe sl ip
is Tetained within the slot 25 as b Sg{ 45, 47 fqéreq.%n t sl.ot 35

si dewal | s whi ch oPERCAMYS #n &PV e%4§?t§1% gAY o+ circum

ferentially spaced longitudinally disposed slots 25. In
15 the embodiment shown in Fig. 1, there are three such
- slots 25 spaced at 120 degree circumferential locationms.
o Tanuwaiurality of circumferentially spaced, vertically
shiftable slips 27, 29, 31 are carried by the tubular '
body 19 in the longitudinally disposed slots 25. Each
. 20 slip has side edges (33, 35 in Fig. 1) which engage ma-
ting profiles (37, 39 in Fig. 1) formed in the longitu-
dinally disposed slots whereby the slots form guideways
for the slips for shifting the slips outwardly relative
to the tubular body 19 between a set position engaging
- 25 the circumscribing conduit (Fig. 3) and an unset posi-
tion (Fig. 2). o
y - As shown in Fig. 1, the mating profiles 37, 39 can
comprise ramp surfaces which present a tapered incline
or "ramp angle" which is preferably in the rénge from
30 about 2 to 10 degrees with respect to the slot lower
edge surface 41. Any upward vertical travel of the slip
29 within the slot 25 results in outward radial move-
. _ ment of the slip upper surface 43. The slip is retained
within the slot 25 as by ears 45, 47 formed in the slot

35 sidewalls which overlay protruding ribs (49, 51 in Fig.4)
which are formed on the slip slide edges.

f



whi ¢h are forned on the slip slide edges. -5- Each slip'29 has a | eading
edge 53 and a trailing edge 55 which is preferably provide ith a T-shaped’
connecting region 57. As shown in Fig. 4, each slip 29 hasZan arcuate IOWE’J
surface 59 which forms a flow area 5 with respect to the externa

cylindrical surface 61 of the conduit 13. An imaginary center line (-63 in
Fig. 1) can be drawn which bisects the stip upper and | ower sur- faces 43,

59 (Fig. 4) longitudi n@é&ﬂ slTbg b@wﬁassariésalh nsaggdwaé igeti_-agh- fes
the point 65 in Fi gose above rica dui t
13 exteri-or surf$d e655|%hb6Qh1§hBrﬁﬁ§€? ﬁ%sPF?Bhdﬁﬁ F?Eh ﬂ anahepedset

position illust r@cbxeﬂed:ﬂlfggredjmﬂmsmlmé ﬁnbwﬁl id pigpps ngeaeﬁhgmlsnﬁs the
body for 15 - SR Hh THEuEFT oL OFSk: VS FARE TAAVRLTY EOPUR-al SLF Ared
ody for 15 shiTTi p % r § d r I t

respect to the hungbrr©@u9¢tﬁtoshbenexhefmgl_Qy}ihéricahapedfaoenettoﬂg re-
gions of each s e aendhet o 30! ! EELYRE:YI LEADE TTric! (B L8CRES, f 9f med

in a carrying ring sel ecied one e carryrng rin
tubul ar body 19 @R p¢x@rawyavihichsbigeagsnbhenshironrpee ande @@ersaurace

gl OL thg Cy|lﬂdfa§éé ¢9pdygt(ﬁ TE)815 1E§d?ﬁ59¥?|'?ﬂ@dlo%@£158§§§8§e
o oviding a et HPe TR bES 1 HaES s Do At c8E ebh of gt § hiahich
cyI|ndr|cal1@ondﬂmtdi§po§b@ abdbue athendy2indaical seohduatf 1 3edxbyroeans of

2 shear wire, 2 Bod¥alocks T in%obl YELULAGLPT cOLIDLAG LEepeRd 2100 Lhe

conduit 13,or by providi hg a con
tubul ar end-21. 8t POSltlomslbbgstshb&ﬂ in Figs.52 éndpslorhertusbiar body

19 is provided wgf{bﬁhﬂ%'&ééhéﬁf§m§9 tﬂeaibQQPEEﬁrfﬁ&Q qumégcﬁrég Cgﬁ’

undercut area 71" is also provid the I ower surface of
whi ch toget her wWaRtehe H?I?%Ba%?%ﬁ %@rﬁé??nﬁg Eh?lﬁ?ﬂg?FOVPﬁﬁtﬁoﬁetmeen

15 . shifting the slip upwardly and radially outwardly with
respect to the hanger body.

- As shown in Fiq. 1, the T-shaped connecting re-
gions of each Sllp are preferably received within a ma-

_ -+ ting recess formed in a carrying ring 67. A selected one

20 of the carrying ring 67 and tubular body 19 are fixed
against sliding movement on the exterior surface 61 of
the cylindrical conduit 13. Thié can be accomplished,
for instance, by threading the interior bore 89 (Fig.6B)
of the tubular end 21 and providing a mating threaded

25 surface 22 on the exterior of the cylindrical conduit 13.
The tubular end 21 can also be affixed by means of a
shear wire, a body lock ring, by weldlng or pinning the
end 21 to the conduit 13,or by prov1d1ng a stop collar
on the conduit 13 above the tubular end 21.

30 As best shown in Figs. 2 and 3, the tubular body
19 is provided with a milled area 69 in alignment with
the slip 29. An undercut area 71 is also provided on
the lower surface of each slip 27 which together with
the milled area 69 defines a fluid flow path between

35 each slip lower surface and the cylindrical'conduit 13 )



35. each slip lower surface and the cylindrical conduit 13 =~ -6- and

bhet ween t he by-pass area 69 and t-he surroundi ng cased well bore 15. S king
‘nmeans are prtovided for effecting relative novement between the tubul ar body
t8and the 5.slips 29. As shown in Figs. 6A-6C, the setting neans can

i ncl ude a hydraulic actuating nechani smindicated ge- nerally as 73. The
hydraul i ¢ actuating nmechani sminclu- des an annul ar chanber 75 forned

bet ween concentric cy- lindrical nenber 77 and cyllndrlcal conduit 13.
Cylin- 10 drical menber 77 is initially6fixed in position by means of

shear pins 87 whi GhdbRtwde W 'b@-%a's%"‘%&‘e%md‘)a%nﬁoth'eo%'}:rgglnhaﬁ 80 is
t hr eadedl y connected to Q external Sl eeve 82 which is retalne

exterior surface &R @ar wire 86. A port 81 commu- 15
nicates with the i nt eri q;et&aan ntetaelsc)alﬁwtﬁrlo@alde@o%w lef¥3ctBugcl osing of f

th t 83 at | t bel t

Can bo. pressur | zod e TN, gRkehent Be s, the RuTRia badro 'nanhi ey
area 85 of thé actslaipsngz.‘irred\taarsb@m Byn mgisw mg.-:su:fflt«tueersbtz@.ng inelaae, chlﬁe
shear pin 87 can ke SevRl ead’hytd}% Q% %%‘t%' h%e%?r rréi' : i“ ”gﬁg\%qt %ﬁbgl n

forced upwardly to nove the etmeen e unss
2 and the set posinerailgh@m’ 'ﬁ3n Ahg. I’Wdrﬁnd-ﬂmtamhuartl&@ mnhlaenshbaadluf-f

for instance, by @é@@m&:ﬁmadﬂ cthfar ﬁh%o%% b L3nManGR iic

received within a _ball catch |n not_ s omn) oca |n the con UIFYIB
bel ow t he gri ppi nd 3RETH&As M %%JJQW%GYM%% I@@ﬁ‘é\'mtsﬁl"mcb@-m‘

hydraul i ¢ in ypat uidsidal \uénibeb.e mdqrsetl@gd;imltwq&ece‘dﬂ:ﬂd Poditiohe 30 art
that the mechani sm coul d be nechanlca %%gre as wel |, such ai t hose

chani sms whi ch AR PChPIRRT BT & ARG EEFEIFehytn Re lower
bﬁl i cati on of weicgitlaap@d .ed.dwenﬂddm.amelalo diy fehreddedliye conndidtedl o An

shown in Fig. 1, ‘é%%éyﬂé¥”é%éé?é”&%“dﬂ?éh i¥ ¥etained on the exterior
surface 61 by a square shear wire 86. A poft 81 commu-
15 nicates with the interior 83 of the cylindrical conduit
| 13. By closing off the interior 83 at a location below
the gfipping mechanism, the interior can be pressurized,
‘causing hydraulic force to be applied to the piston area
85 of the actuating mechanism. By applying sufficient
20 force, the shear p{h 87 can be severed, thereby causing
the carrying ring 67 to be forced upwardly to move the
slips between the unset position shown in Fig. 2 and
the set position shown in Fig. 3. The 1nterlor 83 can be
W, closed off, for instance, by dropplng a ball through the
25 conduit 13 which is received within a ball catching sub
(not shown) located in the conduit 13 below the gripping
mechanism. | | o
although the actuating mechanism 73 is hydraulic
in nature, it will be understood by those skilled in the
30 art that the mechanism could be mechanical in nature as
well, such as those mechanisms which are set by rotation
of the conduit 13 or by the application of weight )
applied from the well surface to the conduit 13.
' As shown in Fig. 1, the gripping mechanism is pre-
35 ferably provided as a unit which is adapted to be re-



" 35 ferably provided as a unit which is adapted to be.re- = ceived about

the external surface 61 of the cylindrical conduit 13 leading to the well .
surface. It is not neces- sary that a special sub or hanger bod;k nade up

in the 5 conduit string. In other words, the tubular body 19 h a bore 8§’J
which is sized to slidingly receive the ex- ternal dianeter of the conduit

13 whereby the tubular body 19 is received directly on the external

di aneter of the cylindrical conduit. The body can then be affixed to the
conduit by providing appropriate-threaded'éhgégenent, 10 by wel di ng, shear
wires, pins or theseivdd, ak&&zmaﬁxé)mdmu%a@%ﬁd@ tEH STEdRS1 DiV$r B4 £1

selected to allow co rol le endln f | i n th di rection of the
cir- cunscribing ccoonnéd]‘lul H @ées "f‘?%t)]; Lﬁ%‘%%ﬁ%'et Y 0% ekt
position. As shovaan}n ﬂ‘hags & smd:::al tehadb |cnag1amage1r yoadntlee nade 63 mhlﬂha
bi sects the tgp g IIs e

contact with ?he surroun f&jﬂgs%{bg}url ng tﬁ%%r ser}tqfl rFrgL%s tar tbﬁ?y RS ré}fsi S

i ndi cat ed by the aaharg I3ﬁ imhg is5 siged He ﬁtﬁmbpe:reﬂem ddve iemtes,
the slip flexes angroniaGetdie 20 thilIdiRAitd LaHAEY B Vi dr F2'

fol l owed by points F3, F3'. This actlon also results in force being exer-

ted in a circunf&O9% i@ i reqsiyed |%%S%t1équ5y%qmqr@ak4hama¢@ el
words, the setti maﬁymaﬁlddle q@rrglau;_&gnt'mfd |53,@L|d:gﬂ r{g,lé}pqib@l&ym,{iéasrgg S
inacorrpressive 5 rentia ont ar. body and slip
edges. In prior t%} c%n gt g’ﬁ’ g G é‘?‘ etlﬁ L&'ﬁwqdo IRy

in force bei hg apy iwed dixngi alsheayetwinesan ;t:hfs sin p:rmd.it]dte, casihug hyer By
properly selectlggggy§§gd p dinensions and ranp angle, the slip will flex -

30 and conformto the shape of the casing interior bore W thout inposing \(J
burst |oads upon the cHiengldp @ameaw@n%m gelanted/ tndliloat ccondui t .

The slip grippi ngrsaR@iseRdang RE ItheEFIQ 1inS tIRS IGNRE L1 YE e (16
maxi num | oad applled tg.t.he
. mscrlblng conduit as the slip moves from the unset to
15 the set position. As shown in Figs 2 and 3, the imagina-
' ry center line 63 whlc“ biseacts the top arcuate surface
of the Sllp defines the first area of contact with the
surrounding casing during the setting step. This area is
indicated by the arrow F1 in Fig. 5. As the setting
operation_cohtinues, the slip flexes and contacts the
20 surrounding casing at points F2, F2', followed by points
_F3 F3'. This action also results in force being exer-
ted in a c1rcumferent1a1 direction, indicated by arrows
F4 F4' In other words, the setting action of the pre- k,)
| sent Sllp gripping mechanism results in a compressive
25 c1rcumferent1al loading on the tubular body .and slip
edges. In prior art slip gripping mechanisms, the set-
ting load resulted in force belng ‘applied radially bet-
ween the slip and the ca51ng bore. By properly selecting
the slip dlmen51ons and ramp angle, the slip will flex
30  and conform to the shape of the casing interior bore
without imposing burst loads upon the casing or collapse
loads on the chindricai conduit. N
The slip grlpplng mechanism of the 1nventlon is
designed to control the maximum load applied to the



thickness, width, contour, material,and condition.of the slip are
*.controlled,to allow control of the |oads inparted to the casing by the
“slip. If the maxi num5 acceptable load on the casing is "P'" then the slip

I's designed to carry the maxinumrated | oad wi thout exceeding "P'. As the:

| oad i ncreases., the slip gripping mechanismallows the area of the slip in

contact with the casing to increase wthout exceeding 10 | oad "P". Length

(L) (Fig. 3) Xwidth indicated by F2' toe- B2-X "P" indicates the nmaxi num

| oad which ' ' |t t LAs th B,
contact | nor oasespiodihd bading Bl |l L BE st G ey
al so increases. The thickngss hevigltlp, Kontaun wateonitaloldnel danddg:dees o £ han
|t "B t | t [ t | n Th
or equal to " RhdiRig A(Eeé "B ERER 1 d PR ﬂi%%?'cﬁ%ﬁtoﬁfoolag? girﬁcg)il?’ﬁsem e

cy- lindrical condu S not support any ra erefore
~elimnated from3iTRAHARSHC e Fa5ing hhgha @l Ithdhomaximum be

controlled for Usecaptdbld loaYorf AT irfPilllitprgrade from steel to
pl astic wi thout danage .,to the éﬁfﬂ“il' A slip gripping mechani sm of the
i nvention was tes- (24D Ne &fim B 5‘)‘%‘5#‘31@9(_ B CRIY i therdlax gy ng

haV} ng a wei ght/tared hlc(ai[ai hgittﬂoléiﬁ .exﬁSeeEﬁr@ I'tns"iD / fz!.'sf tlfbelélg:f)adl?@.&;d}gaé'ﬁiﬁs. /.,a
perrornmance ra- ] a “tin S/.S(. n
Each slip in the&gési%]blﬂ??g;{{l#};n%r#e%km s%#f’é%? g“}eer?g’i% fE 4he’ 51ip

i nches/. The di stmmeentet twitlertie wessihg noh caicareh s ov ki Isdwin cexdeld irog F3

was 4 inchegh. (1 ngihe | N C T Py ts VW Lhg is 4
X 7 = 28 sqﬁgrg ?onﬁ)esé—. g E%%%)(%en?sﬁ 'p%dr %%?ir%&g:nel(: a#l.hsén%%(}%a%&?l i zed
gﬁzl i ps mount ed ¥ H2X J&yt cndigates ctheniman inwe skdashsvhigh stowbé n Fi gs. 2

3. Thus thergpye{&i to the casing without damage. As the area in
contact increases to L X F3' to F3 X "P", the load which
can be supported also increases. The flex of the slip

15 can be controlled to be less than or equal to "P" up to
‘the maximum rated-capacity of the slip system. The cy-
lindrical conduit 61 does not support any radial loads
and is therefore eliminated from the hanger load limi-
ting factors. The loads can be controlled for use with
20 any casing or conduit grade from steel to plastic
without damage to the conduit. |
A slip gr%gg%ﬁgcgﬁchapism of the invention was tes-
_ ted in 9 5/8 inch/P-110-0il well casing having a weight/length
U/ ft. of 53.5 1lbs./ft. P#1109§§sghg hfs a Ferformance ra-
25 ting (P) of 10,900 1bs/sq.“(:;7r§. ’faalc% sljgi.%( Lp $he gripping
mechanism had a lengthsogm“L":Of 7 inéheéi &héf%istance
Fp' to fa va 2 inches/and the distance F3' to F3 was 4
inches/. The area in each f}%g ég gg?tact'with the casing
is 4 x 7 = 28 square inches{ The slip gripping mechanism
30 utilized 3 slips mounted at 120 degree circumferential
locations, as shown in Figs.2 and 3. Thus there gegg cm)
three slips X 28 square inches = 84 square inches/tdtal
slip area in contact with the surrounding casing. The
calculated maximum load which can be(iYggggtﬁd)by the
35 casing is 84 X 10,900 = 915,600 lbs/ without 3amage to

- -8- sUrrdunding casing through the flexing action of the slip. The "};J



(542 sq cn) t hree sllps X 28 square inches = 84 square inches/total slip -

area in contact with the surroundi ng casing. The cal cul at ed HHX|nun1Io§d ﬁ.ﬂ,
~which can be supported by the (415309 Kg ) 35 casing is 84 X 900’— e
915,600 | bs/. w thout danmage to -9- the casing. Using a 5r angl'e,

this translate into a vertical |oad capability of 364,000 pounds/. In an
ac- (165107 Kg) tual test, a 364,000 pound/(165107) |oad was applied to the

[ Because of
sli ri pping mechani sm wi t hout damage to the casing. 5
thepreXPﬁg action of the slips in con- formng to the shape of t he
ci rcunscri bi ng céheuicas inigo @s&m mfgss"urrbmpeanfgaeo,f ttl'hse éég_"nto
desi gned as othep B3R 13N ALeH T ‘ifﬁt e 103 Y ac-
treatments can be appllggto ::aah %I yt (r)b \;lndéma

dgim
roughened surf ac&Y@ap&sisE o éﬁﬂpﬁlo@gm a:acralplpm@dcmodlﬂhte S3and
facing netal tre@&&g@i%gah@cﬂ&@l%ﬂ Qllttlpl %ﬁlé'mla t:on tthh]se c%(rgé,n/ggﬂl > 1974,

I nst ance,
:and uU. S. Pates No. 2, 93996:84?%%%%1?@ filexing agtdon OfQGme B3 ipal s.cm, con-

because of the ufiosrmdnacitioorhef shi esblfpt%l BRI RNy Mo 3R 1,1 RRINY
surface 43 can h bg ngssoft P " of a deformable na?ﬂ%@ suchH as a

g
| ayer of copper i %Lﬂgufﬁrgéﬁﬁstdg of vbe; §d ipFasanoendesiignegulasrity of
the bore in the omhemntbambsngramnduBhrf%&es. For iﬂ%ﬂdﬁe%ntmﬂﬁrﬁa%agﬁ%%“

es I n chani sm can be
Ui ckl'y and casi Lira FASES ool 88" apb a3n, Boo et metal: i tac e, teummey
casing, or ﬂﬁnerVlﬂﬁeanﬁ@@ﬁ@ﬁnedsﬁgwfebenca@abdetb& Pea@pﬁ?Fn&hﬁiﬁ?&@hﬁp" R
T e el pr o gL onnEinail, Aebhe, shlS piblh b ioe
pi pe strings. It t2 §898r Skidded gﬁethgegrt@rF@rhamgaanb@dysmad@.sf ®at.
heavi er wal | ed, nare3e3pensswetalna;&&t%&'%h.,B%%%%%% Upril 2,1974, and
' ' U.S. Pat. No. 2, 939"684 to Payne, issued June 7, 1960.

15  Also, because of the unique action of the slip gripping
mechanism, the gripping surface 43 -can hdve a. “soft fa-
cing” of a deformable nature, such as a layer of copper
which would tend to assume the shape of any- irregularity
of the bore in the Circumscribing conduit.

20 An invention has been provided with several advan-

" tages. Theslip gripping_mechanism can be quickly and easi-
ly installed on the exterior of a string of well tubing,
casing, or liner. The modular design eliminates the need .
for a separate- liner hanger body or sub to be made up in N

- 25 the pioe string. This eliminates problems in matching
' threaded connectors in: premium threaded pipe strings. It
also eliminates the need for a hanger body made of a
heavier walled, more expensive pipe material. Because of
the unique circunferential loading action  of the gripping

-36" mechanism, the support load is not imposed radially in
toward the pipe. As a result, heavier loads can be sup-

- . ported without the danger of bursting the surrounding ca-
sing or the need to provide a heavy walled hanger bedy.

The gripping mechanism of the invention can be provided
35 in a shorter length and yet support heavier loads than



~the unique circunferential |oading action of the gripping 30 nechanisra )
~the support load is not inmposed radially in toward the pipe. As a resmt,5'
“-heavier | oads can be sup- ported without the danger of bursting the
*sui roundi ng .ca-.-sing or the need to provide a heavy wal |l ed hanger body. The
gri ppi ng nmechani smof the invention can be provided 35 in a shorter
| ength and yet support heavier |oads than - 10 - prior art devices. The
slip upper surface has a smaller radius thdf the ci rcunscri bi ng conduit
di aneter "and t hgrslirp aditmeesiiees .amdeSellep appee sur@acehfas! BPEmad1bkex
and conformto the dianeter of the surrounding casing. 5 The setting, action
begi ns with a | TS ENER She RATCHASCEIPIgE chadut, diapetez PRacens t h
t he contact Lrovﬁmptd)u}ilm@ﬂoﬁﬁom? tsleg.reaiedﬁ tof alllew rihlel alli@elntter fllere
con- tact. The i w_pat ef ine 1 i p_arcuate .10 | ower
sur f aces and th84#|ﬁ9&§%EVP§§§§%§r8&aHﬁ%? e u%bﬁafuﬁggyngﬁgg 6 *48er ease
in size duriryg tThe ssttting @edrion tbeginsTha tdl iap lgmiep giomd acec laknith® icenal so
| ess expensive f.act i rt, dai.ces, i he, tion
has been shown |téné on ytgl(r;etel%lﬁ’ptlghﬁ%e? g{rr%ctel Sﬁ:‘:‘gx _ﬁ%‘te t%t@t?s? #mﬁidé)é{ ut is
suscepti bl e to vl Arerdivasfeeidhernsdide oft ithes initHialt cearent iligef comt he
scope thereof asgigfined by the appended cl ai ns. * C L M S

* - 11- CLAIMS: 1. A slip, qgripping. mechani smfor supporting a cylin-
drical condui t within T SHHIE HOUbARFRoReF ied fib GHe HhiiRy ATSHARS

conprising: f0 lower surfaciOnRgal eH¥ MilAGRP IBO-gasdarsid o itk iﬁthtxhar
string of Cylir“ﬂéé?”dééguﬁgé’déé¥%§¥é”¥knéaégi 'JE%G'ELe setting opera-
K‘/ tion. The slip gripping mechanism is also less expensive
to manufacture than prior art devices.
While the invention has been shown in only one of
15 1its forms, it is not thus limited but is susceptible to
various changes and modifications without departing from

“the &¢tbpé thereof as defined by the appended claims.



a tubul ar end at one extent and having an opposite end provided with a -
plurality of circunferentially spaced |ongitudinally disposed slots; 10 .
..a plurality of—et+reunrferentially. spaced, verti- cally shjiptablé slips jiég
carried by the-elongate bOdE in the longitudinally disposed ots, each

slip having sidi ,I ﬂﬂum Iﬂ ge mating profiles formed in the |ongi-
|

tudinally dispo 2 the slots form guide- 15 ways for the
slips for shifting the slips -upwardly and outwardly relative to the body
bet ween an unset position and a set posi-i®h -engagi ng the circunscri bing

conduit; and setd,, dreans for effecting relative notion 20 bet ween t he

el ongat e hody &Egﬁggg—%++p67 2. The slip griﬁging mechani sm of claim 1,

wherein each slilp has & SkiQABPRIRG RRETTESEPIWRIRDOF BiNg gt nkkry-

center |ine can i AW, £0 i Seff ScAdeider 06y wded aoe d aoprdullaptly,
25 ylin

the | ower surface center_ line _being disposed above the ¢ rical
condui t ext eri orPing fRNAYH bAIMBRHES LRI and unset positions. 3. The

slip grippigig mechani srapferdiddte bodier£a4ptdi® € i SEEISpEHEES W2 Vene
protruding ribs and wherein the nmating $flles f orned

Congi tudi nal 1y dSpiBPEEYLingeicalronduat ¢ ke ff%%?‘?ﬁ%ée%%"%‘i
urging the slipsaupRildy emdl Dtitowe déytéwyednd tHev i dvsoppositd.end The
P OrL PPN TS e G Bl Y e ELS 0 LDer B BHE CELD Bt L
overlay 35 tDhoaqi¢u¢imalhﬂid@§p¢$§dasl@tsglected | ocation al ong If C
grippPLg ﬁ%%hgniSHTéfi6?§€%Qﬁ%fgﬁ%$%ﬁhgggé%ﬁg+?%gﬁg§lg&f% %?%%'e%%g?ii P
trailing edge, aerilly Tshifiegkle cohhpstcayriediby thejHopgete hebodyi innghe o/
edge, th? 5 T'5hﬁﬂﬁ?i@ﬂ@ﬂﬁ&iiﬁQdi?ﬁ&Q&& bﬁéﬂgirégéﬁVGﬂiﬁfﬁQGﬂné side
edges which engage mating profiles formed in the longi-
tudinally disposed slots whereby the slots form guide-
15 Qays for the slips for shifting the slips upwardly and
~ outwardly relative to the body between an unset position
and a set position engaging the circumscribing conduit:
and
setting means for effecting relative motion
20 between the elongate body and the slips.
2. The slip gripping mechanism of claim 1, wherein
each slip has an arcuate lower surface and wherein an
imaginary center line can be drawn which bisects the lo-
wer surface longitudinally, the lower surface center line
25 being disposed above the cylindrical conduit exterior '
surface in both the set and unset positions.
3. The slip gripping mechanism of claim 2, wherein
the slip side edges have protruding ribs and wherein the
mating profiles formed in the longitudinally disposed
30 slots comprise inclined ramp surfaces for urging the
slips upwardly and outwardly toward the set position.
4. The slip gripping mechanism of claim 3, wherein *
the slips are retained within the longitudinal slots by
ear portions formed in the elongate body which overlay
35 the slip protruding ribs at a selected location along

<



carrying'ring for-further supporting the slips within the &longate-body.
.The' stip gripping mechanismof claim1, wherein Said el ongate bi“[ is an

- el ongate tubul ar body having a 10 tubular end at !“mmﬂl

wofernal bore, the bore being sized to slidingly ﬂmm rnal

di ameter. of the cylindrical conduit whereby the tubult@ar ‘boly Fs Te- ceived
directly on the external dianmeter of the cylindri- cal conduit. 15 7.

The slip gripping mechani smof claimé6 whergjn each slip has an arcuate
| ower surface and wherein an inmaginary center_line can be drawn which

bi sects the | ow@?SRuIPRgEYIRAL i dsrgsed rel9%wer surface center |ine

bei ng di s- posesl. abovené hel s Iqmspmé misﬁ%ﬁrdp&ﬁwf%f&@
both the set and ugseib$ Slt % he slip gripping mechanj sm of
t

claim1, wherei®3% ing %99%# ohgetet b Do Brh ity a
t ubul ar end at sxhnaepe&teasﬁnmttn@rrequﬁ need j dxexdree a@l@@tﬁdaipir{ GRigee, e

cylindrical .congu n S|te engd provi - d wth a
plurality of cpgc%ﬁ ?%n%‘?%%"ﬁg:g %%“bl}?e* %IIF‘I%??JYV%H R fots; and
wher ei n each sl¢arhpéngnring utoe fwﬁueswdmmmsnﬁ byiyteins thea
is provided in ;fgnggggrbga¥sur- face of the tubular body in |ongitudinal

alignment with each to thereby define a fluid flow path between
each slip Iovverssurfa%'éeaﬁhiﬁkﬁer%l?ﬂ’immmakmmf clriimet nwedrexein by - pass

area and the ciggudselbngae OGN {s £n eloﬂ&ﬁiélﬁﬁb&ﬂéfn%éﬁ¥|§§égég |s 35

claim8, wherein thf?cro§$ sectional flow area of the flurd

apprOX|naté9y eﬁ%%? _____

‘#"Qxﬁfﬁh”o?afﬂes't#%l%ﬁ%ie gleé%‘ﬁe r?dtii%x*g?%f?%“yi Eoeibefas Sodnel él?ﬁégﬁe

. and by-pass aredeivedhdirecelyodn the external diameter of the cylindri-
cal conduit. '

15 7. " The slip gripping mechanism of claim 6 wherein each
slip has an arcuate lower surface and where;n an imaginary
center line can be drawn which bisects the lower surface
longitudlnally, the lower surface center line being dis-
posed above the'cy11ndrical conduit exterior surface in

20 both the set and unset positions. |
8. The slip gripping mechanism of claim 1, wherein said
elongate body is an elongate tubular body having a tubular
end at one extent with an internal bore adapted to receive
the cylindrical conduit and having an opposite end provi-

25 ded with a plurality of circumferentially'sPaced longi-
tudinally disposéd slots; and o ,

. wherein each slip has an arcuéte lower éurface and
wherein a by-pass area is prOVLded in the exterior sur-
face of the tubular body in long1tud1nal allgnment with

30 each slip to thereby define a fluid flow path between each
slip lower surface and the cylindrical conduit and between
the by-pass area and the circumscribing conduit.

* 9. The slip gripping mechanism of claim 8, wherein the

v cross~sectional flow area of the fluid flow path is

35 approximately equal in both the set and the unset posi-



."‘

surface of the tubular body definethefuie—owpath. 11.° The slip
gri-pping mechanismof claim1l, wherein for su ﬁort ng sai d cyllndrlcal

. conduit is an el ongate tubular bojn"l H' r end at ext ent mngaﬁg
an internal 10 bore adapted to re cal condgﬁkeand ha- ving
an opposite end provided with a pIurallty of--circum ferentially spaced

| ongi tudinally disposed slots; and mhereln each slip has an arcuate. upper
and an ar- cuate |ower surface and wherefn'd Tongi t udi nal center 15 line

can be drawn mhtggnplépcgﬁet@glypp@@ ﬁgdhgﬁmgﬁ sur- faces, the | ower
surface center |ne beln% %ihﬁose bove t he C¥|IndrIC condU|t exterior
n

surface in both'®he sefh s%leBﬁ??lﬁﬁEh?B Fﬂe?gbﬁfﬁF?o%ﬂcUh?FﬁFPed
fleXln? of the §%¢ﬁ iDiputéwethGQEatéeisuproumdeagwﬁeblag ondyra@tahtes
initial contact,befween the slip p tface.cent ine;and th I ng.
1o e s bR EBE: Rt hen ek sHEOFERE g 18aSE kR eR (51 ERY) 11 En BB
surfaces areSpravcdetewioWwern sarfiatacand byepassnaree pnothdeeateoighkened

surface capabl eq9f¢42e 9§kp9h§9ta§§13krsug§cpa?aﬂg £RA1ELLsalE1ow plBR S IP

gri ppi ng nmechani Sm'o surraces are”provi ded
with a soft facilig of ahgesbnpagreppmnermachanngn afsghaim e whapeloffpne

C|rcunscr|b|ng QQBHHkEing said cylindrical conduit is an elongate tubular
body having a tubular end at one extent with an internal

10 bore adapted to receive the cylindrical conduit and ha-
ving an opposite end provided with & plurality of circum-~- -
ferentially spaced longitudinally dispcsed slots; and \/

wherein each slip has an arcuate upper and an ar-
cuate'lower surface and wherein a iongitudinal center

15 1line can be drawn which bisects the upper and lower sur-
faces, the lower surface center line being disposed above

“the cylindrical -conduit exterior surface in both the set
and unset poSitionsito thereby allow controlled flexing
of the slip to fully engage the surrounding casing only

20 after initial contact between.the slip upper surface center
line and the casing.. _ _

12. The slip gripping meehanism of claim 11, wherein
said slip upper sutfaces are provided with a hard facing
treatment to provide a roughened surface capable of

25 gripping the circumseribing conduit.

C 13, The slip gripping mechanism of claim 11, when
said slip upper surfaces are provided with a soft facing
of a deformable material which assumes the shape of the
circumscribing conduit.

<)



